We present an update of the clinical and radiological results of 62 consecutive acetabular revisions using impacted morsellised cancellous bone grafts and a cemented acetabular component in 58 patients, at a mean follow-up of 22.2 years (20 to 25). The Kaplan-Meier survivorship for the acetabular component with revision for any reason as the endpoint was 75% at 20 years (95% confidence interval (CI) 62 to 88) when 16 hips were at risk. Excluding two revisions for septic loosening at three and six years, the survivorship at 20 years was 79% (95% CI 67 to 93). With further exclusions of one revision of a well-fixed acetabular component after 12 years during a femoral revision and two after 17 years for wear of the acetabular component, the survivorship for aseptic loosening was 87% at 20 years (95% CI 76 to 97). At the final review 14 of the 16 surviving hips had radiographs available. There was one additional case of radiological loosening and four acetabular reconstructions showed progressive radiolucent lines in one or two zones.
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Acetabular revision using impacted large morsellised bone chips (0.5 cm to 1 cm in diameter) and a cemented acetabular component remains a reliable technique for reconstruction, even when assessed at more than 20 years after surgery.
Loss of bone stock is a technically challenging problem in revision total hip replacement (THR). Impaction bone grafting is an attractive biological method of reconstruction since it can restore the lost bone.
1,2 Previously, we have described the outcome of impaction bone grafting in combination with a cemented acetabular component, with acceptable results at 10 to 15 and 15 to 20 years. 3, 4 However, only continued long-term clinical follow-up can show the true value of the technique. This study provides an update on the outcome of this series of patients at 20 to 25 years.
Patients and Methods
Between January 1979 and March 1986, 62 acetabular revisions were performed using impacted morsellised bone grafts and a cemented acetabular component in 58 patients with a failed THR. The revisions were performed by four surgeons, although one (TJJHS) operated on half the patients. At the current review, no patient had been lost to follow-up. Revision was undertaken on 44 cemented and six uncemented THRs, nine Wagner double-cup resurfacing replacements and three failed hemiarthroplasties which failed with protrusion of the femoral head into the acetabulum. The original diagnosis had been primary osteoarthritis in 29 hips and secondary osteoarthritis in 29, mainly following childhood hip disorders, and, in four hips, rheumatoid arthritis. The indication for revision was either aseptic (58 hips) or septic loosening (4 hips). Previous revisions had been undertaken in two patients, once and twice, respectively. The group comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 82). A total of 37 (60%) procedures were on the left side. Operative technique. We used the posterolateral approach in all patients, with trochanteric osteotomy in only two. After removal of the component, samples from the tissue interface between the component and bone were sent for frozen section and microscopy to detect possible infection. A two-stage procedure was done in the four hips with known septic loosening and in seven with suspected infection. All debris and interface tissue were carefully removed. Segmental defects in the medial wall of the acetabulum were closed using a slice of corticocancellous bone or a metal mesh. In nine early cases autografts from the iliac crest were used. Later in the series auto-and allografts were combined in 16 hips and allografts alone were used in 37. In eight of the nine revisions from surface replacement arthroplasty bone grafts were taken from the remains of the resected femoral head. All the allografts were fresh-frozen femoral heads from the bone bank, with between one and three used in each case. The grafts were morsellised with a rongeur during the operation to provide cancellous chips with a diameter of 0.5 cm to 1.0 cm. These chips were then impacted with trial acetabular components, but the trial prosthesis used was at least 2 mm oversized for the proposed definitive diameter of the implant to create a cement mantle of sufficient thickness. The original centre of rotation of the hip was reconstructed by impaction at the level of the transverse ligament. In 54 hips in this long-term study the graft was covered with a thin vitallium wire mesh. This mesh was placed on the top of the bone graft to limit the direct contact between bone cement and bone, since at that time it was considered to be potentially harmful for bone incorporation. 5 Subsequently, we realised that the mesh did not add any stability to the reconstruction and that there were no signs of harm being caused by direct contact between the graft and cement. Accordingly, the use of a mesh was discontinued. Cement was pressurised on top of the reconstruction using a seal. In all cases either a 32 mm polyethylene Müller or Allopro acetabular component (Sulzer, Winterthür, Switzerland) was introduced using antibiotic-loaded bone cement (Palacos with gentamicin; Merck, Darmstadt, Germany). Passive movement of the operated hip was started at 24 hours, and partial weightbearing allowed at six weeks and full weight-bearing after three months. Clinical and radiological review. At review in July 2006, the series was updated with a minimum follow-up of 20 years since the revision. In all, 41 patients (46 hips) had died or had been revised within 20 years of THR. None of the deaths was related to the hip surgery. Nearly all the patients had been followed annually in detail. In addition to the previous update, we were also able to trace the last patient who had been lost in the previous review and include her result in this update, making the follow-up of the original population complete. Of the surviving 16 revision THRs, ten hips (ten patients) were assessed clinically at our department at a minimum follow-up of 20 years. A total of four patients was interviewed by telephone and one (two hips) was reviewed by an orthopaedic surgeon in another clinic. The Harris hip score 6 (HHS) and a visual analogue scale (VAS) of satisfaction (0, not satisfied at all; 100, complete satisfaction) were used for clinical evaluation.
Radiological follow-up was complete in 45 hips, incomplete in 15 and missing in two. Of those examined clinically at a minimum of 20 years after the initial surgery, complete radiological data were available in 14. Anteroposterior views of the pelvis were assessed by two authors (BWS, JCK) whose opinion was reached by consensus. Acetabular defects were assessed by comparing the pre-operative and the first post-operative radiographs and the operation record according to the American Academy of Orthopaedic Surgeons classification. 7 There were 39 cavitary and 23 combined cavitary and segmental defects (10 central and 13 peripheral). The radiographs at the latest review were compared with those taken after operation, and at follow-up after one, five, ten, 15, 20 and 25 years, if appropriate. Radiolucent lines, defined as lines greater than 2 mm in width, were scored in the three zones of DeLee and Charnley. 8 Migration of the acetabular component was estimated in relation to the line between the teardrops.
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Statistical analysis. Clinical failure was defined as any need for further revision of the acetabular component. Radiological failure was defined as migration of more than 5 mm in any direction, or progressive radiolucent lines in all three zones on conventional radiographs. For statistical analysis we used Kaplan-Meier survivorship analysis with the 95% confidence interval (CI).
Results
Clinical. The mean HHS of the 15 patients with 16 acetabular reconstructions who were still alive at a mean of 22.2 years (20 to 25) was 80 (49 to 98). The mean VAS of satisfaction was 90 (70 to 100).
Of the original group of 62 hips, 13 had been revised further (Table I) . Two were revised for culture-proven, septic loosening at three and six years after surgery, and eight for aseptic loosening, at six, nine, 11, 12, 13, 14, 21 and 21 years after revision. One well-fixed acetabular component was changed at 12 years in the course of femoral revision for aseptic loosening. Two acetabular components were revised again after 17 years because of wear even though they were well fixed. Radiological. Most hips had a stable radiological appearance with uniform radiodensity of both graft and host bone, even after follow-up for 20 years (Figs 1 and 2) . In one hip, the acetabular component had migrated by 13 mm soon after the operation, but then remained in that position, and was not recorded as a radiological failure. A normal trabecular structure around the acetabular components was seen in most cases within a year. In ten of the 13 hips which had been revised for septic or aseptic loosening, radiological signs of loosening were present in all zones. In all, four other hips showed radiological loosening at 7, 11, 13 and 22 years after surgery, but were not revised because of the presence of only mild symptoms. Three of these patients died subsequently at 7, 13 and 14 years after surgery. One of the 14 hips for which the radiological data were available at a minimum of 20 years had a wellfunctioning THR, but showed radiological loosening. In all, nine of the other 13 hips appeared to be stable radiologically. Of the other four hips one had a progressive radiolucent line in zone I, one a progressive line in zone III, one a progressive line in zones I and III and one a progressive line in zones II and III. Complications and re-operations. Post-operative complications included two dislocations, which were treated conservatively. Two patients were treated for superficial wound problems and a suspicion of infection. In one hip THE JOURNAL OF BONE AND JOINT SURGERY heterotopic ossification was excised and one had an exploration of the sciatic nerve for entrapment. Three patients had femoral fractures during follow-up; two of these followed falls and one was caused by a metastasis. In all, four patients had a revision of the femoral component without acetabular revision during the period of study. Intra-operative findings at re-revision. All hips except one were re-revised in our department. The two hips which failed because of septic loosening were not reconstructed and were converted to permanent excision arthroplasties.
One well-fixed acetabular implant was changed at 12 years in the course of femoral revision for aseptic loosening. After removal of the acetabular component further impaction bone grafting was performed. All nine other hips which failed because of aseptic loosening or wear also underwent re-revision. A new reconstruction was possible in all and bone grafting was repeated. All ten hips had a type-III combined cavitary and segmental defect. In most cases the impression at re-revision was that the original bone graft had been incorporated, but a new acetabular defect, according to the AAOS classification, 7 had occurred because of aseptic loosening. In six hips, one femoral head was used to fill this defect. In three, two heads and in one three heads were necessary. The hip which had a re-revision in another hospital was revised with a Müller reconstructive ring, but further information was unavailable. Survivorship analysis. The Kaplan-Meier survival analysis of the acetabular component at ten years with revision for any reason was 93% (95% CI 86 to 100) and for aseptic loosening was 96% (95% CI 91 to 100). At 15 years, these data were respectively, 79% (95% CI 67 to 91) and 84% (95% CI 73 to 95). This current update showed that at 20 years the survival was, respectively, 75% (95% CI 62 to 88) and 79% (95% CI 67 to 93) with 16 hips at risk. If we also exclude one further revision of a well-fixed acetabular component after 12 years in the course of a femoral revision and two further revisions after 17 years for wear, the survivorship for aseptic loosening was 87% at 20 years (95% CI 76 to 97) (Fig. 3, Table I ).
Discussion
Although there are several options, we strongly believe that bony defects encountered during acetabular revision surgery should be reconstructed biologically if possible. Using impaction bone grafting and cement the bone loss can be reconstructed and the normal biomechanics can be restored using a relatively inexpensive standard implant.
Although our study is an update of previous reports of the same series, 3, 4 we believe that our findings are relevant as this is the longest outcome study available after a revision of a failed THR following patients up to 25 years after the reconstruction. The clinical outcome of all patients has been reported producing a loss-to-follow-up quotient of zero, which according to Murray, Britton and Bulstrode, 10 is ideal. A disadvantage of these long-term studies is the increasing age of the patients. Complete radiological follow-up was available in 14 patients and clinical review by us in only ten, principally due to the physical and mental limitations of this elderly group which prevented them attending for review. Nevertheless, all living patients were contacted and information gathered by telephone.
We believe that our study shows that the survival of these reconstructions with impaction bone grafting and a cemented acetabular component is satisfactory 20 to 25 years after the surgery. The extended review has shown a deterioration in the results because of wear and aseptic loosening with recurrent loss of bone. However, further revision for aseptic loosening or wear could be repeated using the same technique.
The radiological interpretation of incorporation of the graft remains difficult, despite the criteria defined by Conn et al. 11 Incorporation can only be proven histologically. The process of incorporation has been studied extensively in animal experiments using impaction bone grafting and a cemented acetabular component. 12, 13 Histological analyses in patients is difficult, but in a study based on 24 human acetabular biopsies taken between one month and 15 years after reconstruction, revascularisation and incorporation of the bone graft were generally seen. 2 Most cases showed lamellar bone with few graft remnants. These biopsies also showed that it THE JOURNAL OF BONE AND JOINT SURGERY is important to remove all cartilage from the femoral head before creating the bone chips since cartilage particles were mainly seen in those hips which had been reconstructed by bone grafts obtained from milled femoral heads. Not only will these remnants of cartilage never incorporate into normal trabecular bone, but they also impair the initial stability of the construct.
14 In a human retrieval, Heekin et al 1 reported complete incorporation of morsellised allograft on the acetabular side. The favourable outcome of impaction bone grafting in acetabular revision surgery has also been confirmed by studies from independent centres. [15] [16] [17] However, van Haaren et al 18 recently reported disappointing results using impaction bone grafting in cemented acetabular revision. The survival rate for aseptic loosening was 72% (95% CI 54 to 81) after a mean follow-up of 7.2 years (1.6 to 9.7). These results are in contrast with other revision series. 4, [15] [16] [17] The authors attributed the high rate of failure to the severity of the bone loss in their patients, but, there was no statistically significant difference in the American Academy of Orthopaedic Surgeons classification when comparing their failed with their successful cases (p = 0.3). Other factors must play a role. A possible explanation may be the use of very small milled chips. Unfortunately, van Haaren et al 18 did not report their mechanism of failure. The outcome of impaction bone grafting will be less favourable in larger defects and its limitations still have to be defined. A recent study has shown that metal mesh, impaction grafting and a cemented acetabular component can be considered for reconstruction of uncontained acetabular defects of medium severity, but not for severe combined deficiencies. 19 During 30 years of clinical practice some modifications to our technique have been made. The principal change is that metal meshes on top of the graft are no longer used. Initially, there was debate on the potential harm of bone cement on the incorporation of the bone graft. 5 The mesh was used in order to limit cement-bone contact. Additionally, during that period metal-backed acetabular components were popular. The use of a metal mesh mimicked a metal-backed component. Subsequently, it was appreciated that a metal mesh on top of the bone graft was useless from a mechanical perspective and it became evident that bone cement did not harm the incorporation of the graft. However, we continued to use metal meshes to close defects of the medial and superolateral walls in order to convert combined defects into cavitary defects to facilitate impaction bone grafting. Using these meshes, patients can mobilise earlier. The patients in our study all had a period of bedrest for six weeks. Nowadays, most patients are mobilised on the second day after surgery using crutches for three months. In our study the bone grafts were made by hand from the femoral head using a rongeur. This produced pure cancellous chips with a diameter of 0.5 cm to 1 cm, but it is a time-consuming exercise making the use of a bone mill attractive. However, most commercial bone mills produce small chips of 2 mm to 4 mm in size. It has been shown experimentally that acetabular reconstruction with smaller bone chips is less stable. [20] [21] [22] We still prefer to use larger chips for acetabular revision which are produced by hand using a rongeur or by using a specially designed bone mill which gives larger chips. Although it was not our practice to wash the bone chips, there is evidence that rinsing can improve the stability of the acetabular component and facilitate incorporation. 20, [22] [23] [24] We believe that replenishing the bone stock is the optimal technique in acetabular revisions with impaction bone grafting. The method is reliable with excellent clinical results at over 20 years.
